Abstract.-A new RNase activity, tentatively named RNase V, was found in cell-free extracts of E. coli. This activity requires ribosomes, G and T factors, tRNA, K+ or NH4+, Mg2+, GTP, and a sulfhydryl compound to degrade poly U, poly A, T4 phage mRNA, or E. coli mRNA. RNase V is specific for mRNA; it does not attack ribosomal RNA. It is inhibited by antibiotics that decrease breakdown of mRNA in vivo, such as chloramphenicol and streptomycin, and by such agents as 5'-#, 'y-methylene-guanosine triphosphate, and fusidic acid, which inhibit ribosome-dependent GTPase and translocation of ribosomes along mRNA. The evidence suggests that RNase V is either an integral part of the ribosome or is tightly associated with it, and that it selectively degrades mRNA in intact cells.
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The instability of messenger RNA is central to many questions in biology.
-What determines how long a molecule of mRNA persists, and how does it break down? The mechanisms have remained unknown, though recent work has suggested that at least in some cases, both functional inactivation and degradation of mRNA proceed from the 5' to the 3' end of the molecule. 1' 2 A clue to the mechanism and regulation of mRNA breakdown has been obtained from studies of rnRNA metabolism in antibiotic-treated cultures of E. coli.3-5 When protein synthesis is blocked by chloramphenicol or streptomycin, mIRNA synthesis continues, but mRNA breakdown is inhibited. This implies that mRNA breakdown is linked to some feature of protein synthesis.
Therefore, we have looked for an RNase activity linked to the protein synthetic machinery. Here we report the finding of such an activity, tentatively designated RNase V, and describe some of its properties. It is specific for mRNA and requires ribosomes, tRNA, T factor, and G factor.6"9 RNase V is inhibited by chloramphenicol and streptomycin, which block mRNA breakdown in vivo, [3] [4] [5] and by fusidic acid4-5 10-13 and 5'-3,By-methylene-guanosine triphosphate"4 which block translocation. These properties suggest that RNase V is an mRNase in the cell.
Materials and Methods.-Strains: The strains used were all derived from E. coli K12.
N11 (met-his-ura-RNase I10-) was isolated from strain D10 (met-RNase Ilo- (b) G and T factors are the required components of S-100: Column chromatography on DEAE-Sephadex A50 permitted the demonstration that factors G and T, required for the elongation of polypeptide chains,6-8 are also necessary to support RNase V activity. In Figure 2 , the positions of G and T factors, assayed by previously described techniques,22 23 are indicated on the column elution profile. If instead of S-100, T factor (from its column peak) was added to reaction mixtures, no activity was observed unless a sample from a column fraction containing G factor was also included (this is shown in Fig. 2 30 min, an interval during which the reaction is essentially linear. Samples of 50 JAI were processed and counted according to Spahr;17 alternatively, the 3H-poly U that remained alcohol-insoluble after incubation was collected and counted on filters. 1 The complete mixture rendered 30 to 40% of the added 3H-poly U alcohol-soluble in various experiments, with a precision in duplicate samples of 43%. Background samples (time zero) showed about 1 to 4% soluble cpm, which has not been subtracted. (this is shown in Fig. 2 for strain Gi). When column fractions were tested individually for their capacity to support RNase V activity, a peak was found which includes fractions containing both T and G activity (compare Fig. 2 , top panel, with Fig. 1 in ref. 6) .
The fractions containing G and T were free of detectable amounts of several known nucleates, including RNase II. is a precondition for RNase V action: 1) G factor, which catalyzes the ribosome-dependent GTPase'0'12 (thought to provide the energy for ribosome movement), and T factor, which catalyzes specific tRNA binding to ribosomes,10-33 are both required (Fig. 2). (2) GTP, tRNA, K+, sulfhydryl compounds-requirements for translocation6-9-are all required for RNase V function. (3) Fusidic acid, a specific inhibitor of G-factor GTPase'0-12 and translocation,5 11-13 inhibits RNase V (Table 1) . (4) Heated ribosomes from a strain with a temperature-sensitive G factor22 (see Materials and Methods) fail to show RNase V activity when supplemented with heated S-100 of the same strain, but were fully competent in RNase V activity when supplemented with heated wild-type S-100 (Table 2) . (5) RNase V activity was competitively inhibited by 5'-#,'Y-methylene-guanosine triphosphate (Table 1 and Fig. 1 ). This GTP analog binds to *-* Gi 3 Assay for RNase V as in Legend to Fig. 1 , except with washed ribosomes and 8-100 from strains N464 or G1, as indicated. S-100 and ribosomes were heated 10 min at 500. This completely inactivated RNase II in N464 fractions; 5% breakdown of poly U due to residual RNase II activity in G1 fractions has been subtracted. ribosomes but cannot be hydrolyzed.'4 Thus, the hydrolysis of GTP is necessary for RNase V function.
(d) RNase V is specific for mRNA: RNase V can use as substrates 3H-poly U, 14C-poly A, purified T4 phage-specific 3H-mRNA, and 3H pulse-labeled E. coli mRNA (Table 3 ). In contrast, stable RNA (32P-ribosomal RNA) was not attacked at all (Table 3) . Thus, RNase V appears to be specific for mRNA.
(e) Inhibitors of mRNA breakdown in vivo inhibit RNase V in vitro: The antibiotics chloramphenicol and streptomycin, which had been shown to prevent mRNA breakdown in whole cells, I-inhibit RNase V activity at levels inhibitory for in vitro protein synthesis ( Table 1) . As a control, rifampycin, which only affects synthesis of RNA34 does not inhibit degradation by RNase V ( Table 1) . The inhibitors used here do not affect RNase II (results to be published).
Discussion.-mRNase, as presently visualized, degrades mRNA in the 5' to 3' direction.1 2 However, RNase II and polynucleotide phosphorylase, two wellcharacterized ribonucleases, both degrade RNA in the opposite direction (3' to 51).35 36 Therefore, mRNA is broken down in growing cells either by these enzymes in some complex scheme,1' 2, -379 or by a different enzyme(s). RNase V is an attractive candidate for such an activity, since its properties are those expected of mRNase. Assay as in Legend to Fig. 1 . The substrates were added to 50 ,l reaction mixtures.
The uniqueness of RNase V will be further detailed in subsequent reports but its specificity and requirements already make it distinct from other reported nucleases. 16 17. 40-46 Here we have emphasized its tight association with ribosomes and its dependence upon all factors, including T and G, associated with ribosome movement along mRNA; these components are not required by either RNase II or polynucleotide phosphorylase. Also, the antibiotics that inhibit mRNA breakdown in vivo inhibit RNase V-but not, for example, RNase II.
G and T are probably the only S-100 proteins required for RNase V function, and it is therefore likely that RNase V activity is either tightly associated with the ribosome, or is an integral part of it. (The peptidyl transferase activity is one that has been assigned to the ribosome itself.47) A number of alternatives are not excluded, but seem improbable, e.g., that a soluble RNase cochromatographs with G and T (Fig. 2) , or that G or T is itself RNase V.
Since ribosome movement proceeds in the 5' to 3' direction along mRNA,9' 484 it is probable that RNase V also acts 5' to 3', as expected for an mRNase in the cell. In forthcoming publications we present evidence that RNase V requires both 30S and 50S ribosomal subunits, and that it is an exonuclease that degrades mRNA to 5'-mononucleotides in the 5' to 3' direction.
We propose as a working model that each time a ribosome adds to a 5'-sequence of mRNA to begin translation, there is a certain potential that mRNase associated with it will begin to degrade the mRNA chain. Such an event should not occur every time a ribosome adds to mRNA, since in the cell each chain of mRNA tends to function many times in a polyribosome.48-Supporting this notion that mRNase and ribosome movement can be uncoupled is the discovery that in whole cells chloramphenicol inhibits mRNA breakdown without significantly affecting translocation.4 5 Consistent are the findings in extracts that chloramphenicol inhibits RNase V (Table 1) without affecting ribosome dependent G-factor GTPase.5
This proposed mechanism for mRNase action would have evident advantages for the cell. It would ensure that unless ribosomes are actually moving along mRNA and actively engaged in protein synthesis, mRNA would tend to be preserved.
The overall features of such a model are consistent with data about mRNA breakdown in whole cells. Random jeopardy at the beginning of mRNA would generate the exponential decay kinetics often observed for mRNA;50 while in some cases a fixed number of ribosomes might function on each molecule of rnRNA before degradation begins, which results in linear decay of that mRNA species.48, 49 It is not clear what determines whether a ribosome beginning to translate a molecule of mRNA will also begin to degrade it. Four factors may be involved to varying extents: (1) A critical protein might be present only in some ribosomes. (2) Some small molecule may be necessary and may be limiting the initiation of the reaction. (3) Some specific feature of mRNA, such as the 5'-terminus, might require critical modification to expose it to mnRNase action. (4) The ribosome might have to be in a rare configuration to permit initiation of degradation. The inhibition of RNase V by antibiotics that bind to the ribosome and inhibit protein synthesis, but permit translocation, suggests that the configuration of the ribosome can be critical. 
